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(54) Optical transmission system, optical transmitter and methods thereof 



(57) To extend a distance of polarization-multiplex- 
ing, an optical transmitter in an optical transmission sys- 
tem has a first signal light output unit (24A, 124A) to out- 
put a first signal light (S1 ) of Jinear polarization to carry 
a first data (D1 ) using VSB modulation having one of 
sideband on a short wavelength side and sideband on 
a long wavelength side, a second signal light output unit 



(24B, 1 24B) to output a second signal light (S2) of linear 
polarization to carry a second data (D2) using VSB mod- 
ulation having the other of sideband on a long wave- 
length side and sideband on a long wavelength side, 
and an optical coupler (26, 1 26) to couple the first signal 
light (S1 ) and the second signal light (S2) under different 
polarizations and output the coupled signal lights onto 
the optical transmission line (12, 112). 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to an optical transmis- 
sion system, an optical transmitter, and methods there- 
of, and more specifically relates to an optical transmis- 
sion system, an optical transmitter, and method thereof 
using optical polarization division multiplexing. 

BACKGROUND OF THE INVENTION 

[0002] In optical fiber transmission, an optical polari- 
zation division multiplexing system and a vestigial side- 
band (VSB) or single sideband (SSB) transmission sys- 
tem is well known as a method to increase a transmis- 
sion rate of each wavelength. The optical polarization 
division multiplexing system is a system to transmit a 
signal using polarizations orthogonal to each other and 
theoretically it is possible to double a transmission rate. 
In this specification, both VSB transmission system and 
SSB transmission system are called generically as a 
VSB transmission system unless they are purposely dis- 
tinguished. 

[0003] Furthermore, the VSB transmission system 
transmits an optical carrier component and one side- 
band component alone after being modulated. By prac- 
tically narrowing an optical spectral line width, it is pos- 
sible to perform dense wavelength division multiplexing 
and accordingly a transmission capacity is expanded. 
[0004] Although a number of transmission experi- 
ments of optical polarization division multiplexing sys- 
tem have been reported, the transmission distance is 
several hundred km at very most and there is no report 
of several thousand km needed for the transoceanic 
transmission. It is because the orthogonality of polari- 
zation necessary for optical polarization division multi- 
plexing transmission becomes out of shape as the trans- 
mission distance becomes longer owing to polarization 
mode dispersion (PMD) and polarization dependent 
loss (PDL) of an optical fiber transmission line. When 
the orthogonality of polarization becomes out of shape, 
crosstalk between polarizations occurs and conse- 
quently deteriorates transmission characteristics. 

SUMMARY OF THE INVENTION 

[0005] An object of the present invention is to provide 
an optical transmission system using optical polariza- 
tion division multiplexing, an optical transmitter, and 
methods thereof applicable to long haul transmission 
such as a transoceanic transmission. 
[0006] An optical transmission system according to 
the present invention comprises an optical transmitter, 
an optical transmission line, and an optical receiver. The 
optical transmitter comprises a first signal light output 
unit to output a first signal light of linear polarization to 
carry a first data using VSB modulation having one of 



sideband on a short wavelength side and sideband on 
a long wavelength side, a second signal light output unit 
to output a second signal light of linear polarization to 
carry a second data using VSB modulation having the 
5 other of sideband on a short wavelength side and side- 
band on a long wavelength side, and an optical coupler 
to couple the first signal light and the second signal light 
under different polarizations and output the coupled sig- 
nal lights onto the optical transmission line. The optical 
10 receiver comprises an optical separator to separate a 
first optical component mainly including the first signal 
light and a second optical component mainly including 
the second optical signal out of the light from the optical 
transmission line, a first receiver to restore the first data 
15 from the first optical component, and a second receiver 
to restore the second data from the second optical com- 
ponent. 

[0007] The crosstalk is greatly reduced because the 
sidebands left for the VSB modulation are transmitted 
20 under different polarizations. 

[0008] In the optical transmission system according 
to the present invention, preferably the optical separator 
comprises a polarization beam splitter and a polariza- 
tion tracking unit to control a polarization direction of the 
25 light from the optical transmission line so that one of po- 
larization directions of the first and second signal lights 
included in the light from the optical transmission line 
coincides with that of the polarization beam splitter. 
[0009] In the optical transmission system according 
30 to the present invention, preferably the optical separator 
comprises an optical splitter to split the light from the 
optical transmission line into two portions, a first signal 
light extractor to extract the first signal light out of one 
portion of the lights from the optical splitter, and a sec- 
35 ond signal light extractor to extract the second signal 
light out of the other portion of the lights from the optical 
splitter. 

[0010] In the optical transmission system according 
to the present invention, preferably the first signal light 
40 extractor comprises a first polarization beam splitter and 
a polarization controller to control polarization of one 
light from the optical splitter so that the polarization di- 
rection of the second signal light included in one portion 
of the lights from the optical splitter coincides with that 
45 of the first polarization beam splitter and to apply the 
polarization-controlled light to the first polarization beam 
splitter. Furthermore, the second signal light extractor 
comprises a second polarization beam splitter and a po- 
larization controller to control polarization of the other 
50 light from the optical splitter so that a polarization direc- 
tion of the first signal light included in the other light from 
the optical splitter coincides with that of the second po- 
larization beam splitter and to apply the controlled light 
to the second polarization beam splitter. 
55 [0011] In the optical transmission system according 
to the present invention, preferably the optical transmit- 
ter further comprises a laser light source, wherein the 
first signal light output unit comprises a first VSB mod- 
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ulator to VSB-modulates an output light from the laser 
light source with the first data and the second signal light 
output unit comprises a second VSB modulator to VSB- 
modulates an output light from the laser light source with 
the second data. 

[0012] In the optical transmission system according 
to the present invention, preferably the optical transmit- 
ter further comprises first and second laser light sources 
having a wavelength different from each other, wherein 
the first signal light output unit comprises a first VSB 
modulator to VSB-modulate an output light from the first 
laser light source with the first data and the second sig- 
nal light output unit comprises a second VSB modulator 
to VSB-modulate an output light from the second laser 
light source with the second data. 
[0013] In the optical transmission system according 
to the present invention, preferably the optical coupler 
comprises a polarization coupler to couple the first sig- 
nal light and the second signal light under polarizations 
orthogonal to each other. 

[0014] In the optical transmission system according 
to the present invention, preferably the optical coupler 
comprises a coupler to couple the first signal light and 
the second signal light under polarization directions dif- 
ferent from each other on timeslots different from each 
other. 

[0015] In the optical transmission system according 
to the present invention, preferably the optical transmit- 
ter comprises a polarization controller to control a polar- 
ization direction of the second signal light from the sec- 
ond signal light output unit, and the optical separator 
comprises a polarization beam splitter and a polariza- 
tion tracking unit to control polarization of the light from 
the optical transmission line so that a polarization direc- 
tion of the first signal light included in the light from the 
optical transmission line coincides with a first polariza- 
tion direction of the polarization beam splitter, to apply 
the polarization-controlled light to the polarization beam 
splitter, and to control the polarization controller so that 
a polarization direction of the second signal light includ- 
ed in the light from the optical transmission line coin- 
cides with a second polarization direction orthogonal to 
the first polarization direction of the polarization beam 
splitter. 

[0016] In the optical transmission system according 
to the present invention, preferably the optical transmit- 
ter comprises a first polarization controller to control po- 
larization of the second signal light from the second sig- 
nal light output unit. The optical separator comprises a 
second polarization controller to control polarization of 
the light from the optical transmission line, a polarization 
beam splitter to split a light from the second polarization 
controller into first and second optical components hav- 
ing a polarization direction orthogonal to each other, a 
first power detector to detect power of the first optical 
component and control the second polarization control- 
ler so as to increase the detected result, and a second 
power detector to detect power of the second optical 



component and control the first polarization controller 
so as to increase the detected result. 
[001 7] In an optical transmission method according to 
the present invention, a first signal light is generated by 
5 modulating a first optical carrier using VSB modulation 
having a sideband on a short wavelength side according 
to a first data. A second signal light is generated by mod- 
ulating a second optical carrier using VSB modulation 
having a sideband on a long wavelength side according 
to a second data. The first signal light and the second 
signal light are multiplexed under polarizations different 
form each other and output onto an optical transmission 
line. First optical component mainly including the first 
signal light and second optical component mainly in- 
cluding the second signal light are separated out of the 
light from the optical transmission line. The first data is 
restored from the first optical component and the second 
data is restored from the second optical component. 
[0018] Preferably, in the optical transmission method 
according to the present invention, the output light from 
the laser light source is divided into two portions to gen- 
erate the first optical carrier and the second optical car- 
rier. 

[0019] Preferably, in the optical transmission method 
according to the present invention, the first signal light 
and the second signal light are multiplexed under polar- 
ization directions different from each other on timeslots 
different from each other. 

[0020] An optical transmitter according to the present 
invention comprises a first signal light output unit to out- 
put a first signal light of linear polarization to carry a first 
data using VSB modulation having a sideband on a 
short wavelength side, a second signal light output unit 
to output a second signal light of linear polarization to 
carry a second data using VSB modulation having a 
sideband on a long wavelength side, and an optical cou- 
pler to couple the first signal light and the second signal 
light under polarization directions different from each 
other and output the coupled signal lights onto the opti- 
cal transmission line. 

[0021] Preferably, the optical transmitter according to 
the present invention, further comprises a laser light 
source, wherein the first signal light output unit compris- 
es a first VSB modulator to VSB-modulate an output 
light from the laser light source with the first data and 
the second signal light output unit comprises a second 
VSB modulator to VSB-modulate an output light from 
the laser light source with the second data. 
[0022] Preferably, the optical transmitter according to 
the present invention further comprises first and second 
laser light sources having a wavelength different from 
each other, wherein the first signal light output unit com- 
prises a first VSB modulator to VSB-modulate an output 
light from the first laser light source with the first data 
and the second signal light output unit comprises a sec- 
ond VSB modulator to VSB-modulate an output light 
from the second laser light source with the second data. 
[0023] Preferably, in the optical transmitter according 
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to the present invention, the optical coupler comprises 
a polarization coupler to couple the first signal light and 
the second signal light under polarizations orthogonal 
to each other. 

[0024] Preferably, in the optical transmitter according 
to the present invention, the optical coupler comprises 
a coupler to couple the first signal light and the second 
signal light under polarization directions different from 
each other on timeslots different from each other. 
[0025] Preferably, the optical transmitter according to 
the present invention further comprises a polarization 
controller to control polarization of the second signal 
light from the second signal light output unit and apply 
the polarization-controlled signal to the optical coupler, 
wherein the polarization controller is controlled by a con- 
trol signal from an optical receiver for receiving the sec- 
ond signal light. 

[0026] An optical transmission method according to 
the present invention comprises steps of generating a 
first signal light by modulating a first optical carrier using 
VSB modulation having a sideband on a short wave- 
length side according to a first data, generating a second 
signal light by modulating a second optical carrier using 
VSB modulation having a sideband on a long wave- 
length side according to a second data, and multiplexing 
the first signal light and the second signal light under 
polarization directions different from each other to out- 
put onto an optical transmission line. 
[0027] Preferably, in the optical transmission method 
according to the present invention, an output light from 
a laser light source is divided into two portions to gen- 
erate the first optical carrier and the second optical car- 
rier. 

[0028] Preferably, in the optical transmission method 
according to the present invention, the first signal light 
and the second signal light are multiplexed under polar- 
ization directions different from each other on timeslots 
different from each other and output onto an optical 
transmission line. 

BRIEF DESCRIPTION OF THE DRAWING 

[0029] The above and other objects, features and ad- 
vantages of the present invention will be apparent from 
the following detailed description of the preferred em- 
bodiments of the invention in conjunction with the ac- 
companying drawings, in which: 

Fig. 1 shows a schematic block diagram of a first 
embodiment of the invention; 
Fig. 2 is a schematic diagram of a spectrum of an 
output light from a polarization beam splitter 26; 
Fig. 3 is a schematic block diagram of a polarization 
tracking unit 30; 

Fig. 4 is a schematic diagram of a spectrum of a 
received signal; 

Fig. 5(A) shows a relation between a spectral dis- 
tribution of a signal light Sa and ideal transmission 



characteristics of an optical filter 34A; 
Fig. 5(B) shows a relation between a spectral dis- 
tribution of a signal light Sb and ideal transmission 
characteristics of an optical filter 34B; 
5 Fig. 6 shows an actual filter characteristic diagram 
of the optical filter 34A; 

Fig. 7 shows a schematic diagram of a spectrum in 
which a wavelength of optical carrier is shitted by 
approximately 12.5 GHz (=0.1 nm); 
10 Fig. 8 shows a schematic block diagram of an opti- 
cal receiver 14a in a second embodiment of the 
present invention; 

Fig. 9 shows a schematic block diagram of a third 
embodiment of the present invention; 
15 Fig. 1 0 shows a schematic block diagram of an op- 
tical receiver 114a in which an optical receiver 114 
is partly modified; 

Fig. 11 shows a schematic block diagram of an op- 
tical transmitter modified for combining the time-di- 

20 vision-multiplex; 

Fig. 1 2 shows a schematic block diagram of another 
configuration of an optical transmitter modified for 
combining the time-division-multiplex; 
Fig. 13 shows a timing example of signal lights S1 

25 and S2 having been polarization-multiplexed and 
time-division-multiplexed; and 
Fig. 14 shows waveform examples of two signals in 
an optical receiver after getting polarization-demul- 
tiplexed. 

30 

DETAILED DESCRIPTION 

[0030] Embodiments of the invention are explained 
below in detail with reference to the drawings. 

35 

(A first embodiment) 

[0031] Fig. 1 shows a schematic block diagram of a 
first embodiment of the present invention. A signal light 

40 from an optical transmitter 10 propagates on an optical 
transmission line 12 and enters an optical receiver 14. 
The optical transmission line 1 2 comprises, for example, 
a repeaterless optical fiber transmission line having only 
optical fibers or an optical amplifier repeater transmis- 

45 sion line in which a plurality of optical fibers are connect- 
ed in serial with optical repeater amplifiers. 
[0032] A laser light source 20 outputs a CW laser light 
having a signal wavelength te. A splitter 22 splits the 
output light from the laser light source 20 into two por- 

50 tions and applies one portion to a VSB modulator 24A 
and the other to a VSB modulator 24B. The VSB mod- 
ulator 24AVSB-modulates the input laser light with a da- 
ta D1 and applies the signal light S1 of linear polarization 
to a polarization beam splitter 26. The VSB modulator 

55 24B VSB-modulates the input laser light with a data D2 
and applies the signal light S2 of linear polarization to 
the polarization beam splitter 26. Here, while the VSB 
modulator 24A eliminates a sideband on a long wave- 
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length side (or on a short wavelength side), the VSB 
modulator 24B eliminates a sideband on a short wave- 
length side (or on a long wavelength side). 
[0033] VSB modulation eliminates most (SSB modu- 
lation eliminates all) of one sideband generated by in- 
tensity modulation and can be realized by adding a 
phase modulator or an optical filter to an existing data 
modulator in order to eliminate unnecessary band com- 
ponents. Since the present invention does not intend to 
propose a new configuration of a VSB modulator, further 
explanation about the VSB modulators 24A and 24B is 
omitted. 

[0034] The polarization beam splitter 26 couples the 
signal lights S1 and S2 from the VSB modulators 24A 
and 24B with polarization directions orthogonal to each 
other and outputs onto an optical transmission line 12. 
Fig. 2 shows a schematic spectral diagram of an output 
light from the polarization beam splitter 26. To make it 
easily understandable, the signal lights S1 and S2 from 
the VSB modulators 24A and 24B are shown in orthog- 
onal polarization state. 

[0035] The signal lights propagated on the optical 
transmission line 12 enter an optical receiver 14. In the 
optical receiver 14, a polarization tracking unit 30 mon- 
itors optical power of an input signal light having one 
polarization (e.g. the signal light S1 from the optical 
transmission fine 12 and automatically controls a polar- 
ization direction of the signal light so as to coincide with 
one polarization direction of the polarization beam split- 
ter 32 according to the monitored result. 
[0036] Fig. 3 shows a schematic diagram of the po- 
larization tracking unit 30. The input light of the polari- 
zation tracking unit 30 from the optical transmission line 
12 first enters a polarization controller 40. The polariza- 
tion controller 40 is capable of controlling polarization of 
an input light to become linear polarization with a desir- 
able direction. Such apparatus is described as a polar- 
ization converter in, for example, Japanese Patent Pub- 
lication Laid-Open No. 2000-356760 corresponding to 
U.S. Patent Application No. 09/594,856, the entire con- 
tents of which are incorporated herein by reference. An 
optical separator 42 separates a portion out of an output 
light from the polarization controller 40 and applies it to 
a polarization beam splitter 44. The polarization beam 
splitter 44 splits a predetermined polarization direction 
component out of the light from the optical separator 42 
and applies it to a power detector 46. The power detec- 
tor 46 measures power of the light from the polarization 
beam splitter 44 and controls the polarization controller 
40 so that the measured result becomes maximal. 
[0037] Owing to the above feedback control of polar- 
ization, the polarization controller 40 controls polariza- 
tion of an input light into a predetermined polarization 
direction to be split by the polarization beam splitter 44 
regardless of a polarization direction of the input light 
and then outputs it. However, when the polarization con- 
trol range of the polarization controller 40 is set too wide, 
it controls polarization of an input light so as to coincide 



with an intermediate polarization direction between the 
two polarization-division-multiplexed orthogonal polari- 
zations. Therefore, it is necessary to narrow the polari- 
zation control range of the polarization controller 40 so 
5 as to control one of the two polarization-division-multi- 
plexed orthogonal polarizations to become a predeter- 
mined polarization direction. 

[0038] A polarization beam splitter 32 splits an output 
light from the polarization tracking unit 30 into a signal 
light Sa having a polarization component identical to a 
target polarization direction of the polarization tracking 
unit 30 and a signal light Sb having polarization orthog- 
onal to the polarization direction component of the signal 
light Sa. The orthogonality of polarizations between the 
signal lights S1 and S2 becomes imperfect due to PMD 
and PDL of the optical transmission line 12, and thus 
each of signal lights Sa and Sb split by the polarization 
beam splitter 32 includes crosstalk. 
[0039] As shown in Fig. 4, for example, assuming that 
the polarization of the signal light S2 is rotated from the 
original direction by an angle 9, the signal light Sa is ex- 
pressed as the sum of S1 and S2 sin 6 and the signal 
light Sb as S2 cos G when the polarization of the signal 
light S1 is identical to that of the signal light Sa split by 
the polarization beam splitter 32. S2 sin 9 becomes 
crosstalk against the signal S1 and the signal light S2 is 
attenuated by cos 9. Assuming that a data D1 is restored 
from the signal light Sa and a data D2 is restored from 
the signal light Sb, generally a portion of the signal light 
S2 is mixed in the signal light Sa as crosstalk, and a 
portion of the signal light S1 is mixed in the signal light 
Sb as crosstalk. 

[0040] Although it is impossible to eliminate such 
crosstalk from different polarization in prior art, the 
present embodiment can efficiently eliminate crosstalk 
from different polarization using the optical filters 34A 
and 34B. That is, the optical filter 34A eliminates a side- 
band component unnecessary for the receiving process 
of the signal light S1 out of the signal light Sa split by 
the polarization beam splitter 32 and the optical filter 
34B eliminates a sideband component unnecessary for 
the receiving process of the signal light S2 out of the 
signal light Sb split by the polarization beam splitter 32. 
Fig. 5(A) shows a relation between a spectral distribu- 
tion of the signal light Sa and ideal transmission char- 
acteristics of the optical filter 34A and Fig. 5(B) shows 
a relation between a spectral distribution of the signal 
light Sb and ideal transmission characteristics of the op- 
tical filter 34B. 

[0041] Practically, it is difficult to obtain such optical 
filters 34A and 34B having the steep cut-off character- 
istics as shown in Figs. 5(A) and 5(B) and actual trans- 
mission characteristics of the optical filter 34A, for ex- 
ample, show the gentle cut-off characteristics as shown 
in Fig. 6. In this case, a portion (the part of the oblique 
lines) of S2 sinG becomes crosstalk. To reduce the 
crosstalk, optical carrier wavelengths of two signal lights 
to be polarization-division-multiplexed should be sepa- 
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rated by approximately 12.5 GHz (=0.1 nm). To separate 
the optical carrier wavelengths, the VSB modulators 
24A and 24B respectively should have a laser light 
source having a wavelength slightly different from the 
other. 

[0042] The receiver 36A and 36B respectively re- 
ceives a signal light from the optical filter 34A and 34B, 
restores the data D1 and D2 and outputs it. 

(A second embodiment) u 

[0043] In the embodiment shown in Fig. 1 , a polariza- 
tion tracking unit 30 controls polarization of a received 
light according to the signal light S1 having one polari- 
zation and thus crosstalk is mixed due to the disorder of * 
orthogonality of polarization. Fig. 8 shows a schematic 
block diagram of an optical receiver 14a to receive both 
signal lights S1 and S2 with smaller crosstalk. 
[0044] A 3dB optical coupler 50 divides an input light 
from the optical transmission line 12 into two portions J 
and applies one portion to a polarization controller 52A 
and the other to a polarization controller 52B. The po- 
larization controller 52A and 52B has configuration and 
function identical to those of the polarization controller 
40. Output lights from the polarization controller 52A and 
52B enter polarization beam splitters 54A and 54B re- 
spectively. 

[0045] The polarization beam splitter 54A applies a 
polarization component of a signal light desired to re- 
ceive (here, it is assumed to be the signal light S1) to 
an optical filter 58A and also applies a polarization com- 
ponent orthogonal to the above polarization component 
to a power detector 56A. Similarly, the polarization beam 
splitter 54B applies a polarization component desired to 
receive (here, it is assumed to be the signal light S2) to 
an optical filter 58B and a polarization component or- 
thogonal to the above polarization component to a pow- 
er detector 56B. The power detectors 56A and 56B de- 
tect optical power having the polarization component 
applied from the polarization beam splitters 54A and 
54B and control the polarization controllers 52Aand 52B 
so that the optical power becomes maximal respective- 
ly. 

[0046] Owing to the above control, polarization of out- 
put light from the polarization controller 52A is controlled 
to coincide with a polarization direction of the signal light 
S2 and polarization of output light from polarization con- 
troller 52B is controlled to coincide with a polarization 
direction of the signal light S1 Accordingly, the signal 
light entered the optical filter 58A ideally comprises only 
the signal light S1 , and the signal light entered the opti- 
cal filter 58B comprises only the signal light S2 . In other 
words, the signal light entered the optical filter 58A does 
not include the crosstalk of the signal light S2, and the 
signal light entered the optical filter 58B does not include 
the crosstalk of the signal light S1 
[0047] In a configuration shown in Fig. 8, since each 
of the signal lights entered the optical filter 58A and 58B 



does not include the signal light component of the other 
polarization, the cut-off characteristics of the optical fil- 
ters 58A and 58B do not need to be steep. Also, it is 
even possible to omit the optical filters 58A and 58B. 

(A third embodiment) 

[0048] Fig. 9 shows a schematic block diagram of a 
third embodiment according to the present invention. In 
o this embodiment, a polarization tracking unit disposed 
on each of transmitter and receiver reduces crosstalk 
between orthogonal polarization components. 
[0049] A signal light from a transmitter 110 propa- 
gates on an optical transmission line 112 and enters an 
5 optical receiver 114. The optical transmission line 112, 
similarly to the optical transmission 12, comprises a re- 
peaterless optical fiber transmission line composed of 
optical fibers alone or an optical amplifier repeater trans- 
mission line in which a plurality of optical fibers are con- 
10 nected in serial by optical repeater amplifiers. 

[0050] A laser light source 120 outputs a CW laser 
light of signal wavelength Xs. A splitter 122 splits the 
output light from the laser light source 120 into two por- 
tions and applies one portion to a VSB modulation 124A 
25 and the other to a VSB modulator 124B. The VSB mod- 
ulator 124A VSB-modulates the input laser light with a 
data D1 and outputs a signal light S1 having linear po- 
larization to a 3dB optical coupler 126. The VSB modu- 
lator 124B VSB-modulates the input laser light with a 
30 data D2 and outputs a signal light S2 having linear po- 
larization to a polarization controller 128. The polariza- 
tion controller 128 controls the polarization of the signal 
light S2 from the VSB modulator 1 24B to become a des- 
ignated direction according to a control signal from an 
35 optical receiver 114. An output light from the polarization 
controller 128 enters a 3 dB optical coupler 126. Simi- 
larly to the embodiment shown in Fig. 1 , when the VSB 
modulator 124A eliminates a sideband on a long wave- 
length side (or on a short wavelength side), the VSB 
40 modulator 1 24B eliminates a sideband on a short wave- 
length side (or on a long wavelength side). 
[0051] The 3 dB optical coupler 1 26 couples the signal 
light S1 from the VSB modulator 124A and the signal 
light S2 from the polarization controller 128 and outputs 
45 onto the optical transmission line 112. 

[0052] The signal lights propagated on the optical 
transmission line 112 enter the optical receiver 114. In 
the optical receiver 114, a polarization tracking unit 130, 
similarly to the polarization tracking unit 30, monitors op- 
50 tical power of a signal light having one polarization (e. 
g. the signal light S1) from the optical transmission line 
11 2 and automatically controls the polarization direction 
of the signal light so as to coincide with one polarization 
direction of a polarization beam splitter 132 according 
55 to the monitored result. The polarization tracking unit 
130 also monitors optical power of a signal light having 
the other polarization (e.g. the signal light S2) and con- 
trols a polarization direction of the signal light S2 using 
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the polarization controller 128 so that the polarization 
direction of the signal light S2 becomes orthogonal to 
that of the signal light S1 at the polarization tracking unit 
130 according to the monitored result. 
[0053] The polarization beam splitter 132 splits an 
output light from the polarization tracking unit 130 into 
two orthogonal polarization components Sa and Sb and 
applies the component Sa to the optical filter 134A and 
the component Sb to the optical filter 134B. Owing to 
the polarization tracking units 128 and 130, the compo- 
nent Sa ideally comprises only the signal light S1 (or 
S2), and the component Sb comprises only the signal 
light S2 (or S1 ) That is, the crosstalk becomes so small 
that it can be negligible. Even though the polarization 
directions of the signal lights S1 and S2 vary while prop- 
agating on the optical transmission line 112 due to PMD 
and PDL of the optical transmission line 112, the polar- 
ization directions of the signal lights S1 and S2 are in 
the condition to be orthogonal when they enter the po- 
larization beam splitter 132. Therefore, it is not neces- 
sary to have such steep cut-off characteristics shown in 
Figs. 5(A) and 5(B) for the transmission factor of the op- 
tical filters 134 A and 134B. 

[0054] The optical filter 134A eliminates a sideband 
component unnecessary for the receiving process of the 
signal light S1 out of the signal light Sa split by the po- 
larization beam splitter 132, and the optical filter 134B 
eliminates a sideband component unnecessary for the 
receiving process of the signal light S2 out of the signal 
light Sb split by the polarization beam splitter 132. Re- 
ceivers 136A and 136B receive a signal light from the 
optical filters 134A and 134B, and restore and output 
the data D1 and D2 respectively. 

(A fourth embodiment) 

[0055] Fig. 1 0 shows a schematic block diagram of an 
optical receiving apparatus 114a in which a part of the 
optical receiving apparatus 114 is modified. In an em- 
bodiment shown in Fig. 10, the polarization tracking unit 
130 and the polarization beam splitter 132 are unified. 
[0056] That is, a light entered the optical receiver 1 1 4a 
from the optical transmission line 112 firstly inputs a po- 
larization controller 140. The polarization controller 140 
has configuration and function identical to those of the 
polarization controller 40 and controls polarization of the 
input light to become linear polarization having any po- 
larization direction specified by an outer control signal. 
[0057] The polarization beam splitter 142 splits an 
output light from the polarization controller 140 into two 
linear polarization components Sa and Sb orthogonal to 
each other and applies the component Sa to an optical 
filter 144A and the component Sb to an optical filter 
144B. Here, it is assumed that the signal light Sa com- 
prises mainly the signal light S1 and the signal light Sb 
comprises mainly the signal light S2. The optical filter 
144A eliminates a sideband component unnecessary to 
the receiving process of the signal light S1 out of the 



signal light Sa split by the polarization beam splitter 142, 
and the optical filter 144B eliminates a sideband com- 
ponent unnecessary for the receiving process of the sig- 
nal light S2 out of the signal light Sb split by the polari- 
5 zation beam splitter 142. 

[0058] An optical splitter 146A applies most of the out- 
put light from the optical filter 144A to a receiver 148A 
and the rest to a power detector 150A. Similarly, an op- 
tical splitter 146B applies most of the output light from 
10 the optical filter 144B to a receiver 148B and the rest to 
a power detector 150B. 

[0059] The receivers 148A and 148B receive the sig- 
nal lights Sa and Sb from the optical splitters 146A and 
146B, restore the data D1 and D2, and output them re- 
spectively. 

[0060] The power detector 1 50A detects the power of 
light from the optical splitter 146A and controls the po- 
larization controller 140 so that the detecting power be- 
comes maximal. Accordingly, the polarization controller 
140 controls a polarization direction of a light entered 
from the optical transmission line 112 so that the signal 
light S1 in the output light from the polarization controller 
140 is maximally split as the signal light Sa. With this 
operation, the receiving of the signal light S1 is opti- 
mized and ideally the signal light S1 does not mix in the 
signal light Sb as crosstalk. 

[0061] On the other hand, the power detector 150B 
detects the power of light from the optical splitter 146B 
and controls the polarization controller 128 so that the 
detected power becomes maximal. Accordingly, the po- 
larization controller 128 controls a polarization direction 
of the output signal light S2 from the VSB modulator 
124B so that the signal light S2 in the output light from 
the polarization controller 140 is maximally split as the 
signal light Sb. Consequently, the polarization direction 
of the signal light S2 becomes completely orthogonal to 
the polarization direction of the signal light S1 at the out- 
put of the polarization controller 140. Owing to the con- 
trol, the receiving of the signal light S2 is optimized and 
ideally the signal light S2 does not mix in the signal light 
Sa as crosstalk. . 

[0062] As stated above, in the configuration shown in 
Fig. 10, the polarization directions of the signal lights S1 
and S2 become completely orthogonal in theory, and the 
polarization beam splitter 142 can split the signal lights 
S1 and S2 completely, namely without any crosstalk. 

(A fifth embodiment) 

[0063] It became clear that, when two VSB modulated 
signal lights, which suppressed sidebands are different 
from each other, are merely coupled at the same timing, 
it is necessary to suppress the crosstalk with a sufficient- 
ly high suppression factor (40 dB or more). This is be- 
cause optical carriers of both VSB modulated lights in- 
terfere with each other to generate so-called coherent 
crosstalk. 

[0064] It is possible to prevent the coherent crosstalk 
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between the optical carriers of the two VSB modulated 
lights by time-division-multiplexing the two VSB modu- 
lated lights. Fig. 11 shows a schematic block diagram 
wherein the optical transmitter 10 in Fig. 1 is modified 
to have such function as an optical transmitter 210a, and 
Fig. 12 shows a schematic block diagram wherein the 
optical transmitter 110 in Fig. 9 is modified as an optical 
transmitter 210b. Fig. 1 3 shows a time waveform exam- 
ple after VSB modulated signals S1 and S2 are time- 
division-multiplexed. 

[0065] In the optical transmitter 210a shown in Fig. 
12, an optical delay unit 212a of delay time % is disposed 
between a VSB modulator 24A and PBS 26. In an optical 
transmitter 210b shown in Fig. 13, an optical delay unit 
212b of delay time x is disposed between a VSB mod- 
ulator 124A and a 3 dB optical coupler 126. 
[0066] In Figs. 11 and 12, it is required for both VSB 
modulated signals S1 and S2 to comprise RZ optical 
pulses having a duty factor of 50% or less. Assuming 
that the pulse period is T, the delay time i of the optical 
delay units 212a and 212b is set to T/2. With this con- 
figuration, as shown in Fig. 13, the VSB modulated sig- 
nal light S1 and the VSB modulated signal light S2 are 
time-division-multiplexed. Fig. 14 shows a waveform ex- 
ample when the signal lights S1 and S2, which were po- 
larization-multiplexed and time-division-multiplexed as 
shown in Fig. 13, are polarization-demultiplexed. After 
the polarization-demultiplex, in an optical component Sa 
comprising mainly the signal light S1 the crosstalk from 
the signal light S2 is mixed between optical pulses car- 
rying the data D1 . Similarly, after the polarization-demul- 
tiplex, in an optical component Sb comprising mainly the 
signal light S2, the crosstalk from the signal light S1 is 
mixed between optical pulses carrying the data D2. 
Such crosstalk can be simply suppressed by disposing 
an optical gate to transmit the optical pulse part carrying 
the data D1 , D2 and to suppress the other parts. How- 
ever, since the two VSB signal lights S1 and S2 are ar- 
ranged on different timeslots in the time domain, such 
serious signal deterioration caused by the coherent 
crosstalk does not occur even if an optical gate is not 
disposed. 

[0067] Obviously, although the signal light S1 is de- 
layed in Figs. 11 and 12, it is also applicable to delay the 
signal light S2. For instance, it is applicable to dispose 
an optical delay unit equivalent to the optical delay unit 
212a between the VSB modulator 24B and the PBS 26. 
Also, it is applicable to dispose an optical delay unit 
equivalent to the optical delay unit 212b between the 
VSB 124B and the polarization controller 128 or be- 
tween the polarization controller 128 and the 3 dB opti- 
cal coupler 126 . Furthermore, it is applicable to dispose 
optical delay units equivalent to the optical delay units 
212a and 212b at the input side of the VSB modulator 
24A or 24B. 



(The others) 

[0068] It is applicable for each embodiment shown in 
Figs. 8, 9, and 10 to slightly shift optical carrier wave- 
5 lengths of the two signal lights S1 and S2 

[0069] In the above each embodiment, good trans- 
mission characteristics are realized using polarization 
division multiplexing and VSB modulation together. By 
using the polarization division multiplexing, intervals of 
10 wavelengths can widen twice as much in the same 
transmission capacity. That is, the resolution of a wave- 
length division multiplexer in wavelength division multi- 
plexing transmission is relieved twice as much. For in- 
stance, a wavelength division multiplexer with the reso- 
15 lution of 0.4 nm can be used instead of a wavelength 
division multiplexer with the resolution of 0.2 nm and this 
reduces the system costs. 

[0070] As readily understandable from the aforemen- 
tioned explanation, according to the invention, it is pos- 
20 sible to realize satisfactory transmission characteristics 
by combining orthogonal polarization multiplexing and 
VSB modulation. For example, it is even possible to re- 
alize such a long haul transmission as transoceanic 
transmission. 

25 [0071] By utilizing the polarization multiplex and the 
time division multiplex at the same time, it is possible to 
greatly reduce the coherent crosstalk. Owing to the po- 
larization multiplex, the interference hardly occurs at the 
overlapped part of pulses between the signal lights S1 
30 and S2 . Therefore, in the present invention, it is possi- 
ble to make the pulse width of the signal pulses of the 
signal lights S1 and S2 wider compared to that in the 
case wherein the time-division-multiplex alone is uti- 
lized. Accordingly, the load of specs for the laser light 
35 source, VSB modulator and optical receiver is reduced. 
[0072] While the invention has been described with 
reference to the specific embodiment, it will be apparent 
to those skilled in the art that various changes and mod- 
ifications can be made to the specific embodiment with- 
40 out departing from the spirit and scope of the invention 
as defined in the claims. 
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Claims 

1 . An optical transmission system comprising an opti- 
cal transmitter (10, 110, 210a, 210b), an optical 
transmission line (12, 112), and an optical receiver 
(14, 114) wherein 

the optical transmitter (10, 110, 210a, 210b) 
comprises 

a first signal light output unit (24A, 124A) 
to output a first signal light (S1) of linear 
polarization to carry a first data (D1) using 
VSB modulation having one of sideband on 
a short wavelength side and sideband on 
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a long wavelength side; 
a second signal light output unit (248, 
124B) to output a second signal light (S2) 
of linear polarization to carry a second data 
(D2) using VSB modulation having the oth- 5 
er of sideband on a short wavelength side 
and sideband on a long wavelength side; 
and 

an optica! coupler (26; 126; 26, 212a; 126, 
21 2b) to couple the first signal light (S1 )and io 
the second signal light (S2) under different 
polarizations and output the coupled signal 
lights onto the optical transmission line (12, 
112); and 

15 

the optical receiver (14, 114) comprises 

an optical separator (30, 32; 130, 132) to 
separate a first optical component (Sa) 
mainly including the first signal light (S1) 20 
and a second optical component (Sb) 
mainly including the second signal light 
(S2) out of the input light from the optical 
transmission line (12, 112); 
a first receiver (36A, 136A) to restore the 25 
first data (D1 ) from the first optical compo- 
nent (Sa); and 

a second receiver (36 B, 136B) to restore 
the second data (D2) from the second op- 
tical component (Sb). 30 

2. The system of claim 1 wherein 



out of the other portion output light from the 
optical splitter (50). 

4. The system of claim 3 wherein 

the first signal light extractor comprises 

a first polarization beam splitter (54A); and 
a polarization controller (52A, 56A) to con- 
trol a polarization of one portion from the 
optical splitter (50) so that a polarization di- 
rection of the second signal light (S2) in- 
cluded in one portion from the optical split- 
ter (50) coincides with that of the first po- 
larization beam splitter (54A) and to apply 
the polarization-controlled light to the first 
polarization beam splitter (54A); and 

the second signal light extractor comprises 

a second polarization beam splitter (54B); 
and 

a polarization controller (52B, 56B) to con- 
trol a polarization direction of the other por- 
tion from the optical splitter (54B) so that a 
polarization direction of the first signal light 
(S1) included in the other portion from the 
optical splitter (50) coincides with a polari- 
zation direction of the second polarization 
beam splitter (54B) and to apply the polar- 
ization-controlled light to the second polar- 
ization beam splitter (54B). 



the optical separator comprises 

35 

a polarization beam splitter (32); and 
a polarization tracking unit (30) to control 
polarization of the input light from the opti- 
cal transmission line (1 2) so that one of po- 
larization directions of the first and second w 
signal lights (S1 S2) included in the input 
light from the optical transmission line (1 2) 
coincides with that of the polarization beam 
splitter (32). 

45 

3. The system of claim 1 wherein 

the optical separator comprises 

an optical splitter (50) to split the input light so 
from the optical transmission line (12) into 
two portions; 

a first signal light extractor (52A, 54A, 56A) 
to extract the first signal light (S1) out of 
one portion output light from the optical 55 
splitter (50); and 

a second signal light extractor (52B, 54B, 
56B) to extract the second signal light (S2) 



5. The system of claim 1 to 4 wherein 

the optical transmitter (10, 110, 210a, 210b)fur- 
ther comprises a laser light source (20, 120); 
the first signal light output unit comprises a first 
VSB modulator (24A, 124A) to VSB-modulate 
an output light from the laser light source with 
the first data; and 

the second signal light output unit comprises a 
second VSB modulator (24B, 124B) to VSB- 
modulate the output light from the laser light 
source with the second data. 

6. The system of claim 1 to 4 wherein 

the optical transmitter (1 0, 1 1 0) further compris- 
es first and second laser light sources having a 
wavelength different from each other; 
the first signal light output unit comprises a first 
VSB modulator (24A, 124A) to VSB-modulate 
an output light from the first laser light source 
with the first data; and 

the second signal light output unit comprises a 
second VSB modulator (24B, 124B) to VSB- 
modulate an output light from the second laser 
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7. The system of claim 1 to 6 wherein the optical cou- 
pler comprises a polarization coupler (26) to couple 
the first and second signal lights (S1 , S2) under po- 
larizations orthogonal to each other. 

8 The system of claim 1 to 6 wherein the optical cou- 
pler comprises a coupler (26, 212a; 126, 212b) to 
couple the first and second signal lights (S1, S2) 
under polarization directions different from each 
other on timeslots different from each other. 
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9. The system of claim 1 wherein 

the optical transmitter (110, 210b) comprises a 
polarization controller (128) to control a polari- 
zation direction of the second signal light (S2) 
from the second signal light output unit (124B); 
and 

the optical separator comprises 

a polarization beam splitter (132); and 
a polarization tracking unit (130) to control 
a polarization direction of an input light 
from the optical transmission line (112) so 
that a polarization direction of the first sig- 
nal light (S1 ) included in the input light from 
the optical transmission line (112) coin- 
cides with a first polarization direction of 
the polarization beam splitter (132), to ap- 
ply the polarization-controlled light to the 
polarization beam splitter (132), and to 
control the polarization controller (128) so 
that a polarization direction of the second 
signal light (S2) included in the input light 
from the optical transmission line (11 2) co- 
incides with a second polarization direction 
orthogonal to the first polarization direction 
of the polarization beam splitter (132). 

10. The system of claim 1 wherein 

the optical transmitter (110, 210b) further com- 
prises a first polarization controller (128) to con- 
trol a polarization direction of the second signal 
light (S2) from the second signal light output 
unit (124B); and 
the optical separator comprises 

a second polarization controller (140) to 
control a polarization direction of the input 
light from the optical transmission line 
(112); 

a polarization beam splitter (142) to split an 
output light from the second polarization 
controller (140) into the first and second 
optical components (Sa, Sb) having a po- 
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larization direction orthogonal to each oth- 
er; 

a first power detector (1 50A) to detect pow- 
er of the first optical component (Sa) and 
control the second polarization controller 
(140) so as to increase the detected result; 
and 

a second power detector (150B) to detect 
power of the second optical component 
(Sb) and control the first polarization con- 
troller (1 28) so as to increase the detected 
result. 



11. An optical transmission method comprising steps 
15 of: 

generating a first signal light (S1 ) by modulating 
a first optical carrier with VSB-modulation hav- 
ing a sideband on a short wavelength side ac- 
cording to a first data (D1); 
generating a second signal light (S2) by modu- 
lating a second optical carrier with VSB modu- 
lation having a sideband on a long wavelength 
side according to a second data (D2); 
multiplexing the first signal light (S1 and second 
signal light (S2) under different polarizations to 
output onto an optical transmission line; 
separating a first optical component (Sa) main- 
ly including the first signal light (S1 and a sec- 
ond optical component (Sb) mainly including 
the second signal light (S2) out of an input light 
from the optical transmission line; 
restoring the first data (D1 ) from the first optical 
component (Sa); and 

restoring the second data (D2) from the second 
optical component (Sb). 
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12. The method of claim 11 further comprises a step of 
separating an output light from a laser light source 
into two portions to generate the first optical carrier 
and the second optical carrier. 

13. The method of claim 11 wherein the step of multi- 
plexing the first signal light (S1) and second signal 
light (S2) under different polarizations to output onto 
the optical transmission line is a step of multiplexing 
the first signal light ( S1 ) and the second signal light 
(S2) under polarization directions different from 
each other on timeslots different from each other 
and outputting onto the optical transmission line. 



14. An optical transmitter comprising: 

a first signal light output unit (24A, 1 24A) to out- 
55 put a first signal light (S1 ) of a linear polarization 

to carry a first data (D1) using VSB modulation 
having a sideband on a short wavelength side ; 
a second signal light output unit (24B, 124B) to 
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output a second signal light (S2) of a linear po- 
larization to carry a second data (D2) using 
VSB modulation having a sideband on a long 
wavelength side; and 

an optical coupler (26; 126; 26, 212a; 126, 
212b) to couple the first signal light (S1) and 
the second signal light (S2) under polarization 
directions different from each other and output 
the coupled signal lights onto the optical trans- 
mission line (12, 112). 

15. The optical transmitter of claim 14 further compris- 
ing a laser light source (20, 120) wherein 

the first signal light output unit comprises a first 
VSB modulator (24A, 124A) to VSB-modulate 
an output light from the laser light source with 
the first data; and 

the second signal light output unit comprises a 
second VSB modulator (24B, 124B) to VSB- 
moduiate the output light from the laser light 
source with the second data. 

16. The optical transmitter of claim 14 further compris- 
ing first and second laser light sources having a 
wavelength different from each other wherein 

the first signal light output unit comprises a first 
VSB modulator (24A, 124A) to VSB-modulate 
an output light from the first laser light source 
with the first data; and 

the second signal light output unit comprises a 
second VSB modulator (24B, 124B) to VSB- 
modulate an output light from the second laser 
light source with the second data. 



of: 

generating a first signal light (S1 ) by modulating 
a first optical carrier using VSB modulation hav- 

5 ing a sideband on a short wavelength side ac- 

cording to a first data (D1); 
generating a second signal light by (S2) modu- 
lating a second optical carrier using VSB mod- 
ulation having a sideband on a long wavelength 

10 side according to a second data (D2); and 

multiplexing the first signal light (S1) and the 
second signal light (S2) under polarization di- 
rections different from each other to output onto 
an optical transmission line. 

15 

21 . The method of claim 20 further separating an output 
light from a laser light source into two portions to 
generate the first optical carrier and the second op- 
tical carrier. 

20 

22. The method of claim 20 wherein the step of multi- 
plexing the first signal light (S1 ) and the second sig- 
nal light (S2) under polarization directions different 
from each other to output onto the optical transmis- 

25 sion line is a step of multiplexing the first signal light 
(S1) and the second signal light (S2) under polari- 
zation directions different from each other on times- 
lots different from each other to output onto the op- 
tical transmission line. 

30 



35 



17. The optical transmitter of claim 14 wherein the op- 
tical coupler comprises a polarization coupler (26) 
to couple the first signal light and the second signal 
light under polarizations orthogonal to each other. 40 



18. The optical transmitter of claim 14 wherein the op- 
tical coupler comprises a coupler (26, 212a; 126, 
212b) to couple the first signal light (S1) and the 
second signal light (S2) under polarization direc- <5 
tions different from each other on timeslots different 
from each other. 



19. The optical transmitter of claim 14 further compris- 
ing a polarization controller (1 28) to control a polar- 50 
ization direction of the second signal light (S2) from 
the second signal light output unit (1 24B) and apply 
to the optical coupler (126) wherein the polarization 
controller (128) is controlled by a control signal from 
an optical receiver to receive the second signal 55 
light. 



20. An optical transmission method comprising steps 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 6 
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Fig. 8 
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Fig. 10 
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Fig. 11 
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